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(57) ABSTRACT

A crane having progressive function control preferably
includes the crane, an electronic control device, a load sensor,
a boom angle sensor, a boom length sensor, and a steering
angle sensor. The load sensor measures a load on the crane
boom. The boom angle sensor measures an angle of the crane
boom. The boom length sensor measures a length of the crane
boom. The steering angle sensor measures an angle ofthe rear
wheel. The load sensor, boom angle sensor, boom length
sensor and steering angle sensor are read by the electronic
control device. The electronic control device receives inputs
from a drive joy stick, a boom angle joy stick and a boom
extension joy stick. The electronic control device includes a
drive reduction algorithm and a boom reduction algorithm.
The algorithms are used to retard inputs from the drive joy
stick, boom angle joy stick and boom extension joy stick.

20 Claims, 11 Drawing Sheets




US 9,120,651 B1

Sheet 1 of 11

Sep. 1, 2015

U.S. Patent




U.S. Patent Sep. 1, 2015 Sheet 2 of 11 US 9,120,651 B1




US 9,120,651 B1

Sheet 3 of 11

Sep. 1, 2015

id

U.S. Patent

P
“Nﬂv}
e
feceeny]
P
vt



U.S. Patent Sep. 1, 2015 Sheet 4 of 11 US 9,120,651 B1

U
Y o \§

3N R
X .\_“\M\\.\\\}&

SRR AN
B Y




US 9,120,651 B1

Sheet 5 of 11

Sep. 1, 2015

U.S. Patent

4

Bid

o

L F




U.S. Patent Sep. 1, 2015 Sheet 6 of 11 US 9,120,651 B1




U.S. Patent Sep. 1, 2015 Sheet 7 of 11 US 9,120,651 B1

STEERING |

56— LOAD ANGLE g
T SENSOR SENSOR |

DRIVE
JOY MOTOR 70

64" TALVE
STICK 54 VALVE
i

3 [ ¥

BOOM o ELECTRICAL

BOOM

ANGLE » CONTROL L ANGLE 79

667 15vsTICK

. DEVICE | VALVE

E%OGM» BOOM
58 LENGTH | LENGTH | 74
JOYSTICK VALVE

. BOOM - BOOM
5g— ANGLE - LENGTH |- 603
) 1 SENSOR . SENSOR




US 9,120,651 B1

Sheet 8 of 11

Sep. 1, 2015

U.S. Patent




US 9,120,651 B1

Sheet 9 of 11

Sep. 1, 2015

U.S. Patent

ey

e

e,

£

6 DA

SR

‘

i

SR

. i

e, 4
eescreenerensarvneei e

B AN
AR

e reongth
Ao s ST

%, Y.

i rnnt’

g
% A

g \
%&%&$$§%§..;.3,.,3:.\S\i\s,e..:i\i:“%\\
e ) e Y

TR Rﬁ%hvéﬁiu\éﬁn*ﬁ:%x&\\ 7%

e

SQ\3\\‘

/
e

H ; Z g
it e AR S0 1T \1.,5,\225)\.\95.22\M Ll csomrveds
/

ve

ey S8 ST T
0l e SRR

e

P
i.\\,‘\\x\ %

7
e
L

R




US 9,120,651 B1

Sheet 10 of 11

Sep. 1, 2015

U.S. Patent

e,
e,

(1D ) 01DId

p—
b, o e

g o
Pt sstss - xs.\u.\.\&.,»\v.m\uw%o.\{\
e,

o
<,
o,

e,
o,

~,

«s”“‘o

e

|07

K

*
3
\ o
\W“\m -

s
ey et
REEHERN I

REISERE S

3 H w 3 # s,
R z "~
: H & 5 ; #
¢ : 2y i g i
H Mng 7 )
; § 3 o 4
3 I 3 ’
; : i 14 7
K : i > o
P ; yreeh,,, e al
/ { :
£ : s
i 2 :
o H H
f : i
B 2 i
w H
H
5 1
1 3
H
g
H

AR AR R
FURRIEESES T

- g o’
o7 ole
RO g P

e 3 [ ”

H 5o
ST R T p W.N
!

A
7

R s B I




U.S. Patent Sep. 1, 2015 Sheet 11 of 11 US 9,120,651 B1




US 9,120,651 B1

1
CRANE HAVING A TOOLLESS REMOVABLE
BATTERY AND PROGRESSIVE FUNCTION
CONTROL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to automated lift
devices and more specifically to a crane having a toolless
removable battery and progressive function control, which
allows a battery to be replaced without additional tools and
prevents a user from tipping the crane during use.

2. Discussion of the Prior Art

U.S. Pat. No. 3,799,063 to Reed discloses a vehicle battery
changing device. Patent application no. 20100230188 to
Nguyen discloses an electric vehicle having exchangeable
battery modules and method of resupply therefor.

Accordingly, there is a clearly felt need in the art for a crane
having a toolless removable battery and progressive function
control, which allows a battery to be replaced without addi-
tional tools and prevents a user from tipping the crane over,
due to sharp steering angles, increased boom heights or heavy
loads.

SUMMARY OF THE INVENTION

The present invention provides a crane having a toolless
removal battery and progressive function control, which
allows a battery to be replaced without additional tools and
prevents a user from tipping the crane during use. The crane
having a toolless removable battery (crane with a removable
battery) includes a crane and a removable battery. The crane
preferably includes a lengthwise structural member, a pair of
front wheels, a turnable rear wheel, a boom mount, a crane
boom and a control handle. The pair of front wheels are
rotatably retained by a drive base. The drive base is mounted
to a front end of the lengthwise structural member. The drive
base includes two hydraulic motors for rotating the pair of
front wheels. However, the at least one turnable rear wheel
may also be driven. The turnable rear wheel is pivotally
disposed under a rear of the lengthwise structural member.
The control handle is used to pivot the turnable rear wheel. A
rear housing is attached to the rear of the rear end of the
lengthwise structural member. The boom mount extends from
the rear housing. The crane boom is pivotally retained by the
boom mount. The control handle is also used to raise and
lower the crane boom.

A battery slot is created between the turnable rear wheel
and the pair of front wheels and adjacent the turnable rear
wheel. The battery slot is sized to receive the removable
battery. The removable battery includes a support box, two lift
straps, at least three wheels and at least one battery. The at
least one battery is retained in the support box. The at least
three wheels are rotatably retained on opposing sides of the
support box at a bottom of the support box. The at least three
wheels allow a single person to roll the removable battery. A
handling hole is preferably formed through each end of the
support box at a top of the support box. One end of the pair of
lift straps are retained in the two handling holes.

Preferably, four retention hooks are retained on opposing
sides of the support box at a top of the support box. Four
retention posts extend from opposing sides of the battery slot
to support the four retention hooks. A lift hook is attached to
opposing sides of the crane boom, substantially over a center
of'the removable battery. The other end of the pair of lift straps
are removably attachable to the two lift hooks.
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The removable battery is removed from the battery slot by
attaching the other ends of the pair of lift straps to the crane
boom. The crane boom is raised to lift the four retention hooks
of'the removable battery off the four retention posts. The four
retention hooks are pushed off the four retention posts. The
removable battery is lowered to a support surface. The remov-
able battery is rolled away from the crane. A charged remov-
able battery is moved into the battery slot and the process is
reversed.

The crane having progressive function control preferably
includes the crane, an electronic control device, a load sensor,
a boom angle sensor, a boom length sensor, and a steering
angle sensor. The load sensor measures the hydraulic pressure
inside a hydraulic lift cylinder, which is used to raise the crane
boom. The boom angle sensor measures the angle of the crane
boom. The boom length sensor measures the length of an
extended crane boom. The steering angle sensor measures an
angle of the turnable rear wheel relative to a lengthwise axis
of'the crane. Electrical signals from the load sensor, the boom
angle sensor, the boom length sensor and the steering angle
sensor are read by the electronic control device.

The electronic control device may be any suitable control
device, such as a microprocessor, a micro controller, pro-
grammable logic controller or a computer. A drive joy stick is
connected to the electronic control device to control the travel
of the crane. A boom angle joy stick is connected to the
electronic control device to control the angular motion of the
crane boom. A boom extension joy stick is connected to the
electronic control device to control the length of the crane
boom. The electronic control device is programmed with two
reduction algorithms or includes a computer program con-
taining two reduction algorithms. A drive reduction algorithm
is used to reduce the speed, acceleration and deceleration of
the crane through the at least three wheels. A boom reduction
algorithm is used to reduce the speed, acceleration and decel-
eration of the motion of the crane boom.

The drive reduction algorithm uses data from the load
sensor, the boom angle sensor, the boom length sensor, and
the steering angle sensor to reduce the maximum speed,
maximum acceleration and maximum deceleration of the
crane motion to provide a speed reduction factor. The speed
reduction factor reduces the maximum speed, maximum
acceleration and maximum deceleration allowed for the
travel of the crane. An electrically operated motor valve pro-
vides hydraulic fluid to the two wheel hydraulic motors and is
controlled by the electronic control device. If the speed or
acceleration exceeds the maximum values as requested by
movement of the joy stick, the electrically operated motor
valve will be closed to reduce the flow of hydraulic fluid to the
two hydraulic wheel motors. If the deceleration exceeds the
maximum value, the electrically operated motor valve will
not be allowed to close to prevent the reduced flow of hydrau-
lic fluid to the two hydraulic wheel motors.

The boom reduction algorithm uses data from the load
sensor, the boom angle sensor and the boom length sensor to
reduce the maximum speed, maximum acceleration and
maximum deceleration of the crane boom to provide a boom
reduction factor. The boom reduction reduces the maximum
speed, maximum acceleration and maximum deceleration
allowed for the angular movement of the crane boom or the
extended length of the crane boom. An electrically operated
boom angle valve provides hydraulic fluid to a hydraulic lift
cylinder and is controlled by the electronic control device. An
electrically operated boom length valve provides hydraulic
fluid to at least one boom extension cylinder and is controlled
by the electronic control device.
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If'the speed or acceleration exceeds the maximum values as
requested by movement of the boom angle joy stick, the
electrically operated boom angle valve will be closed to
reduce the flow of hydraulic fluid to the hydraulic lift cylinder.
If the deceleration exceeds the maximum value, the electri-
cally operated boom angle valve will not be allowed to close
to prevent the reduced flow of hydraulic fluid to the hydraulic
lift cylinder. If the speed or acceleration exceeds the maxi-
mum values as requested by movement of the boom extension
joy stick, the electrically operated boom length valve will be
closed to reduce the flow of hydraulic fluid to the at least one
boom extension cylinder. If the deceleration exceeds the
maximum value, the electrically operated boom length valve
will not be allowed to close to prevent the reduced flow of
hydraulic fluid to the at least one boom extension cylinder.

Accordingly, it is an object of the present invention to
provide a crane having a toolless removable battery, which
allows a battery to be replaced without additional tools.

Finally, it is another object of the present invention to
provide a crane having progressive function control, which
prevents a user from tipping the crane with sharp steering
angles, increased boom heights or heavy loads.

These and additional objects, advantages, features and
benefits of the present invention will become apparent from
the following specification.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a removable battery of a
crane having a toolless removable battery in accordance with
the present invention.

FIG. 2 is a perspective view of a removable battery of a
crane having a toolless removable battery, before installation
into a battery slot of a crane in accordance with the present
invention.

FIG. 3 is a side view of a removable battery of a crane
having a toolless removable battery, partially installed in a
battery slot of a crane in accordance with the present inven-
tion.

FIG. 4 is a perspective view of a removable battery of a
crane having a toolless removable battery installed in a bat-
tery slot of a crane in accordance with the present invention.

FIG. 5 is a side view of a removable battery of a crane
having a toolless removable battery installed in a battery slot
of a crane in accordance with the present invention.

FIG. 6 is an enlarged perspective view of a removable
battery of a crane having a toolless removable battery
installed in a battery slot of a crane in accordance with the
present invention.

FIG.7is a schematic diagram of a crane having progressive
function control in accordance with the present invention.

FIG. 8 is an enlarged perspective view of a load sensor on
a hydraulic lift cylinder of a crane having progressive func-
tion control in accordance with the present invention.

FIG. 9 is an enlarged side cutaway view of a boom angle
sensor and a boom length sensor located in a crane boom of a
crane having progressive function control in accordance with
the present invention.

FIG. 10 is an enlarged perspective view of a rear of a crane
with a rear housing removed to show a turnable rear wheel
and a steering wheel sensor of a crane having progressive
function control in accordance with the present invention.

FIG. 11 is an enlarged perspective view of a rear of a crane
illustrating a steering wheel sensor of a crane having progres-
sive function control in accordance with the present inven-
tion.
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FIG. 12 is an enlarged perspective view of a control handle
having a drive joy stick, a boom angle joy stick and a boom
extension joy stick of a crane having progressive function
control in accordance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

With reference now to the drawings, and particularly to
FIG. 2, there is shown a perspective view of a removable
battery 12 of a crane having a toolless removable battery 1,
before installation into a battery slot 14 of the crane 10. With
reference to FIG. 3, the crane 10 preferably includes a length-
wise structural member 16, a pair of front wheels 18, a turn-
able rear wheel 20, a boom mount 22, a crane boom 24 and a
control handle 26. The pair of front wheels 18 are rotatably
retained by a drive base 19. The drive base 19 is mounted to a
front end of the lengthwise structural member 16. The drive
base 19 includes two hydraulic wheel motors (not shown) for
rotating the pair of front wheels 18. The turnable rear wheel
20 is pivotally disposed under a rear of the lengthwise struc-
tural member 16. With reference to FIGS. 10-11, the turnable
rear wheel 20 is steered by an electric motor 21. The electric
motor 21 is driven by the removable battery 12. The control
handle 26 is used to pivot the turnable rear wheel 20. A rear
housing 28 is attached to a rear of the lengthwise structural
member 16 and a pair of storage bins 30 are attached to sides
of the lengthwise structural member 16. The rear portions of
the pair of storage bins 30 are located in front of the rear
housing to create the battery slot 14. The battery slot 14 is
sized to receive the removable battery 12.

The boom mount 22 is attached to a top of the rear housing
28. One end of the crane boom 24 is pivotally retained at a top
of'the boom mount 22. One end of a hydraulic lift cylinder 32
is pivotally retained by the boom mount 22 below the crane
boom 24. The other end of the hydraulic lift cylinder 32 is
pivotally retained by the crane boom 24. Electric walk behind
cranes, such as that produced by Valla Cranes are well known
in the art and need not be explained in detail. An electric
motor is used to drive a hydraulic pump (not shown) to pro-
vide pressurized hydraulic fluid to the hydraulic lift cylinder
32. The control handle 26 is also used to raise and lower the
crane boom 24.

With reference to FIGS. 1 and 6, the removable battery 12
preferably includes a support box 34, two lift straps 35, at
least three wheels 36 and at least one battery 38. The at least
one battery 38 is retained in the support box 34. The at least
three wheels 36 are rotatably retained on opposing sides of the
support box 34 at a bottom of the support box 34. The at least
three wheels 36 allow a single person to roll the removable
battery 12. A handling hole 40 is preferably formed through
each end of the support box 34 at a top of the support box 34.
One end of the pair of lift straps 35 are retained in the two
handling holes 40. A hook opening 37 is preferably formed
through the other end of each lift strap 35. Preferably, four
retention hooks 42 are retained on opposing sides of the
support box 34 at a top of the support box 34. Four retention
posts 44 extend from opposing sides of the battery slot 14 to
support the four retention hooks 42. Each retention hook 42
includes an entry slot 46 and a retention slot 48. The entry slot
46 communicates with the retention slot 48. The retention slot
48 prevents sideways motion of the removable battery 12,
relative to the battery slot 14.

With reference to FIGS. 3-5, a lift hook 50 is attached to
opposing sides of the crane boom 24, substantially over a
centerline of the removable battery 12. The hook opening 37
is sized to removably receive the lift hook 50. The removable
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battery 12 is removed from the battery slot 14 by attaching the
pair of lift straps 35 to the crane boom 24. The crane boom 24
is raised to lift the four retention hooks 42, such that the
retention posts contact a bottom of the entry slots 46. The
removable battery 12 is pushed, such that the four retention
posts 44 are removed from the entry slots 46. The removable
battery 12 is then lowered to a support surface 100. The
removable battery 12 is rolled away from the crane 10. A
charged removable battery is rolled into the battery slot 14
and the process is reversed.

With reference to FIGS. 4, 5 and 7, a crane having progres-
sive function control 2 preferably includes the crane 10, an
electronic control device 54, a load sensor 56, a boom angle
sensor 58, a boom length sensor 60, and a steering angle
sensor 62. With reference to FIG. 8, the load sensor 56 mea-
sures the hydraulic pressure inside the hydraulic lift cylinder
32, which is used to raise the crane boom 24. With reference
to FIG. 9, the boom angle sensor 58 and the boom length
sensor 60 are preferably mounted inside the crane boom 24.
However, the angle sensor 58 and the boom length sensor 60
may be mounted in other locations. The angle sensor 58
measures an angle of the crane boom 24. The boom length
sensor 60 measures a length of an extended crane boom 24.
With reference to FIGS. 10-11, the steering angle sensor 62
measures an angle of the turnable rear wheel 20 relative to a
lengthwise axis of the crane 10. Electrical signals from the
load sensor 56, the boom angle sensor 58, the boom length
sensor 60 and the steering angle sensor 62 are read by the
electronic control device 54.

The electronic control device 54 may be any suitable con-
trol device, such as a microprocessor, a micro controller,
programmable logic controller or a computer. With reference
to FIG. 7, a drive joy stick 64 is connected to the electronic
control device 54 to control the travel of the crane 10. A boom
angle joy stick 66 is connected to the electronic control device
54 to control the angular motion of the crane boom 24. A
boom extension joy stick 68 is connected to the electronic
control device 54 to control a length of the crane boom 24.
With reference to FIG. 12, the drive joy stick 64, the boom
angle joy stick 66 and the boom extension joy stick 68 are
preferably retained on the control handle 26. The electronic
control device 54 is programmed with two reduction algo-
rithms or includes a computer program containing the two
reduction algorithms. A drive reduction algorithm is used to
reduce the speed, acceleration and deceleration of the crane
10 through the at least three wheels 18, 20. A boom reduction
algorithm is used to reduce the speed, acceleration and decel-
eration motion of the crane boom 24.

The drive reduction algorithm uses data from the load
sensor 56, the boom angle sensor 58, the boom length sensor
60, and the steering angle sensor 62 to reduce the maximum
speed, maximum acceleration and maximum deceleration of
crane travel through the at least three wheels 18, 20 to provide
a speed reduction factor. The speed reduction factor reduces
the maximum speed, maximum acceleration and maximum
deceleration allowed for travel of the crane 10. An electrically
operated motor valve 70 provides hydraulic fluid to the two
wheel hydraulic motors (not shown) and is controlled by the
electronic control device 54. If the speed or acceleration
exceeds the maximum values as requested by movement of
the drive joy stick 64, the electrically operated motor valve 70
will be closed to reduce the flow of hydraulic fluid to the two
wheel hydraulic motors. If the deceleration exceeds the maxi-
mum value, the electrically operated motor valve 70 will not
be allowed to close to prevent the reduced flow of hydraulic
fluid to the two wheel hydraulic motors.
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The boom reduction algorithm uses data from the load
sensor 56, the boom angle sensor 58 and the boom length
sensor 60 to reduce the maximum speed, maximum accelera-
tion and maximum deceleration of the crane boom 24 to
provide a boom reduction factor. The boom reduction factor
reduces the maximum speed, maximum acceleration and
maximum deceleration allowed for the angular movement of
the crane boom 24 or a length of the crane boom 24. An
electrically operated boom angle valve 72 provides hydraulic
fluid to the hydraulic lift cylinder 32 and is controlled by the
electronic control device 54. An electrically operated boom
length valve 74 provides hydraulic fluid to boom extension
cylinders 76, 78 and is controlled by the electronic control
device 54.

Ifthe speed or acceleration exceeds the maximum values as
requested by movement of the boom angle joy stick 66, the
electrically operated boom angle valve 72 will be closed to
reduce the flow of hydraulic fluid to the hydraulic lift cylinder
32. If the deceleration exceeds the maximum value, the elec-
trically operated boom angle valve 72 will not be allowed to
close to prevent the reduced flow of hydraulic fluid to the
hydraulic lift cylinder. If the speed or acceleration exceeds the
maximum values requested by movement of the boom exten-
sion joy stick 68, the electrically operated boom length valve
74 will be closed to reduce the flow of hydraulic fluid to the
boom extension cylinders 76, 78. If the deceleration exceeds
the maximum value, the electrically operated boom length
valve 74 will not be allowed to close to prevent the reduced
flow of hydraulic fluid to the boom extension cylinders 76, 78.

While particular embodiments of the invention have been
shown and described, it will be obvious to those skilled in the
art that changes and modifications may be made without
departing from the invention in its broader aspects, and there-
fore, the aim in the appended claims is to cover all such
changes and modifications as fall within the true spirit and
scope of the invention.

I claim:

1. A crane having progressive function control comprising:

a crane including a lengthwise structural member, a pair of
front wheels, at least one rear wheel and a crane boom,
the front wheels are retained on a front of the lengthwise
structural member, the at least one rear wheel is retained
at a rear of the lengthwise structural member;

an electronic control device including a drive reduction
algorithm;

a load sensor, a boom angle sensor, a boom length sensor,
and a steering angle sensor are connected to said elec-
tronic control device, said steering angle sensor deter-
mines an angle of the at least one rear wheel; and

a drive joy stick is connected to said electronic control
device, said drive reduction algorithm receives input
from said load sensor, said boom angle sensor, said
boom length sensor and said steering angle sensor, said
drive reduction algorithm provides a speed reduction
factor, said speed reduction factor reduces a maximum
travel of the crane, wherein a drive speed, acceleration or
deceleration requested by said drive joy stick is retarded
by said drive reduction algorithm, if the motion
requested by said drive joy stick is greater than a maxi-
mum travel value.

2. The crane having progressive function control of claim

1, further comprising:

said pair of front wheels are driven by at least one hydraulic

motor.
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3. The crane having progressive function control of claim
2, further comprising:

an electrically operated motor valve is connected to said
electronic control device, said electronic control device
restricts fluid flow through said electrically operated
motor valve if said maximum travel value is exceeded by
the motion of said drive joy stick.

4. The crane having progressive function control of claim

1, further comprising:

a rear housing is attached to the rear of the lengthwise
structural member.

5. The crane having progressive function control of claim

4, further comprising:

a boom mount extends from the rear housing, wherein the
crane boom is pivotally retained in the boom mount.

6. The crane having progressive function control of claim

4, further comprising:

a control handle extends from a rear of the rear housing,
wherein the control handle turns the at least one rear
wheel, the control handle operates the motion of the
crane boom, said drive joy stick is located on the control
handle.

7. A crane having progressive function control comprising:

a crane including at least three wheels and a crane boom,
the crane boom is pivotally retained on the crane;

an electronic control device including a boom reduction
algorithm;

a load sensor, a boom angle sensor and a boom length
sensor are connected to said electronic control device;
and

a boom angle joy stick is connected to said electronic
control device, said boom reduction algorithm receives
input from said load sensor, said boom angle sensor and
said boom length sensor, said boom reduction algorithm
provides a boom reduction factor, said boom reduction
factor reduces a maximum travel value of the crane,
wherein a drive speed, acceleration or deceleration
requested by said boom angle joy stick is retarded by
said boom reduction algorithm, if the motion requested
by said boom angle joy stick is greater than a maximum
travel value.

8. The crane having progressive function control of claim

7, further comprising:

an electrically operated boom angle valve is connected to
said electronic control device, said electronic control
device restricts fluid flow through said electrically oper-
ated boom angle valve if said maximum travel value is
exceeded by the motion of said boom angle joy stick.

9. The crane having progressive function control of claim

7, further comprising:

the at least three wheels include at least one rear wheel and
two front wheels, the two front wheels are retained on a
front of a lengthwise structural member, the at least one
rear wheel is retained at a rear of the lengthwise struc-
tural member.

10. The crane having progressive function control of claim

9, further comprising:

a rear housing is attached to the rear of the lengthwise
structural member.

11. The crane having progressive function control of claim

10, further comprising:

a boom mount extends from the rear housing, wherein the
crane boom is pivotally retained in the boom mount.

12. The crane having progressive function control of claim

10, further comprising:
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a control handle extends from a rear of the rear housing,
wherein the control handle turns the at least one rear
wheel, the control handle operates the motion of the
crane boom, said boom angle joy stick is located on the
control handle.

13. The crane having progressive function control of claim

11, further comprising:

a hydraulic lift cylinder having one end pivotally retained
by the boom mount below the crane boom, an opposing
end of the hydraulic lift cylinder is pivotally retained by
the crane boom.

14. A crane having progressive function control compris-

ing:

a crane including at least three wheels and a crane boom,
the crane boom is pivotally retained on the crane;

an electronic control device including a boom reduction
algorithm;

a load sensor, a boom angle sensor and a boom length
sensor are connected to said electronic control device;
and

a boom extension joy stick is connected to said electronic
control device, said boom reduction algorithm receives
input from said load sensor, said boom angle sensor and
said boom length sensor, said boom reduction algorithm
provides a boom reduction factor, said boom reduction
factor reduces a maximum travel value of the crane,
wherein a drive speed, acceleration or deceleration
requested by said boom extension joy stick is retarded by
said boom reduction algorithm, if the motion requested
by said boom extension joy stick is greater than said
maximum travel value.

15. The crane having progressive function control of claim

14, further comprising:

an electrically operated boom length valve is connected to
said electronic control device, said electronic control
device restricts fluid flow through said electrically oper-
ated boom length valve if said maximum travel value is
exceed by the motion of said boom extension joy stick.

16. The crane having progressive function control of claim

14, further comprising:

the at least three wheels include at least one rear wheel and
two front wheels, the two front wheels are retained on a
front of a lengthwise structural member, the at least one
rear wheel is retained at a rear of the lengthwise struc-
tural member.

17. The crane having progressive function control of claim

16, further comprising:

a rear housing is attached to the rear of the lengthwise
structural member.

18. The crane having progressive function control of claim

17, further comprising:

a boom mount extends from the rear housing, wherein the
crane boom is pivotally retained in the boom mount.

19. The crane having progressive function control of claim

17, further comprising:

a control handle extends from a rear of the rear housing,
wherein the control handle turns the at least one rear
wheel, the control handle operates the motion of said
crane boom, said boom extension joy stick is located on
the control handle.

20. The crane having progressive function control of claim

17, further comprising:

at least one boom extension cylinder changes a length of

the crane boom.



